The present work aims to evaluate the relation between the antioxidant activities and phenolic compound contents of two tea samples (green and black) mixed with or without sweeteners (sucrose or aspartame). The aqueous extracts were screened for total polyphenol and flavonoids contents. Antioxidant activities of extracts were tested using 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical method and 2, 2 -azino-bis [ethylbenzthiazoline-6-sulfonic acid] (ABTS) methods using butylated hydroxyl anisole as standard compound. In addition, we identified polyphenols compounds using high performance liquid chromatography (HPLC). The results indicated that the antioxidant activity was higher against ABTS radical more than DPPH radical. Also, there is positive correlation between the antioxidant activity and phenolic compounds content presented in water extracts of tea samples. The results also indicated that addition of table sugar to green tea significantly decreased the antioxidant activity (from 95.8% to 90.6% with 4.0% sucrose). However, the same table sugar in black tea increased the antioxidant activity (from 87.0% to 91.9% with 4.0% sucrose). The analysis using HPLC showed that caffeine was the most predominant individual compounds in green and black tea without and with 1.0% sucrose (6081.8, 8772.1, 6474 and 3755 µg/100g, respectively). However, cinnamic acid showed the lowest content in the same tea samples (0.21, 0.25, 0.19 and 0.18 µg/100g respectively). Pyrogallol, catechol, epicatechin, ellagic, protocatchuic were significantly higher in green tea than in black tea.
Introduction
Tea is the most popular nonalcoholic beverage in the world (Longo et al. 2008; Jiang et al. 2015) . The different types of teas (white, green, oolong and black), which all originate from the leaves of Camellia sinensis, are classified according to the degree of fermentation process; both white and green teas are unfermented. Oolong tea is semi-fermented, while black tea is fully fermented (Chan et al. 2011) . The basic types of tea have different quality characteristics including appearance, aroma, taste and color. The manufacturing process of tea is designed to permit tea polyphenolic compounds to be oxidized by naturally occurring polyphenol oxidase in the tealeaves. Green tea is produced by inactivating the heat-labile enzyme polyphenol oxidase in fresh leaves by either applying heat or steam which prevent enzymatic oxidation of catechins (Velayutham et al. 2008) . The health benefits of tea mainly come from its high content of CONTACT Emad A. Shalaby dremad2009@yahoo.com Biochemistry Department, Faculty of Agriculture, Cairo University, Giza 12613, Egypt phenolic compounds (Rahim et al. 2014; Bae et al. 2015; Jin et al. 2016) . Therefore, tea extract acts as antioxidant, anticancer, cardiovascular disease or in diabetes (Jeska-Skowron et al. 2015) , among others listed by Pinto (2013) . Green tea extract contains several polyphenolic components with antioxidant properties (catechins, epigallocatechin-3-gallate and epicatechin-3-gallate) in addition of amino acids (as glutamine, alanine, asparagines, arginine and serine). The umami taste of green tea is due to theanine, serine, gallic, theagallin and succinic acid (Senanyake 2013) . The distinctive taste of black tea is due to the combination of several attributes such as bitterness, astringency, sweetness, malty taste, green/grassy taste, caramel-like and hay-like characteristics (Alasalvar et al. 2012) . Astringent taste in black tea is due to catechins, theaflavins and flavonol glycosides (Scharbert et al. 2004) . The regular intake of tea is associated with an improved antioxidant status in vivo that may contribute on lowering the risk of coronary heart disease, atherosclerosis, reduced mutagenicity and inflammation (Kris-Etherton & Keen 2002; Widlansky et al. 2005) . Recent experimental studies have recognized that tea exhibits a significant health-protecting activity due to its high polyphenol content (Manzocco et al. 1998) . Tea polyphenols are the most significant group of tea components and have a wide range of pharmaceutical properties including antioxidative, anticarcinogenic and antiatheriosclerotic (Dufresne & Farnworth 2001; Atoui et al. 2005) . The antioxidative properties of flavonoids are manifested particularly by their abilities to inhibit free radical generation, scavenge free radicals and chelate transition metal ions, mainly iron and copper, which are catalysts of free radical reactions (Wang et al. 2000; Heo et al. 2007; Khan & Mykhtar 2007) . They also prevent free radical generation by increasing the activity of enzymes with antioxidative properties (Spencer et al. 2009 ). Green tea in the form of extract or powder, a natural source of antioxidant, has been successfully used to extend the shelf-life of various food products susceptible to oxidation 'such as meat, poultry, seafood, soup, sauce, margarines, oils, bakery products, pizza toppings, cereals and snack foods' (Senanyake 2013) .
The present work aimed to evaluate the mode of action of phenolic, polyphenolic compounds and sweeteners in addition to its antioxidant activity in commercially available green and black teas using methods based on their reduction properties.
Materials and methods

Chemical reagents
All chemicals and reagents were of analytical grade and obtained from either Sigma-Aldrich or Merck Chemical Co. (Darmstadt, Germany).
Sample collection
Lipton green tea and black tea were collected from traditional market, Giza, Egypt.
Preparation of tea extracts
A known weight of the dried and ground tea samples (1.0 g, n = 16) was extracted three successive times with 200 ml hot water (100°C) in dark place (flask covered with aluminum foil) at room temperature (25°C). The collected extracts were filtered using filter paper, and the filtrate was kept in refrigerator until use (Rossenthaler 1930) .
The sucrose and aspartame were used as sweetening substance in combination with tea extract at different concentrations as the following: tea samples numbered from 1 to 5 are green tea samples (green tea only, green tea + sucrose 0.5%, green tea + sucrose 1.0%, green tea + sucrose 2.0%, green tea + sucrose 4.0%); while samples numbered from 6 to10 are black tea (black tea only, black tea + sucrose 0.5%, black tea + sucrose 1.0%, black tea + sucrose 2.0%, black tea + sucrose 4.0%); tea samples numbered from 11 to 13 are green tea mix with 0.1%, 0.2% and 0.4% aspartame, respectively, while, tea samples numbered from 14 to 16 are black tea mix with 0.1%, 0.2% and 0.4% aspartame, respectively pH range between 4.65 to 4.78.
Determination of total phenolic content
Phenolic compounds were determined using the method described by Singleton et al. (1999) . Briefly, 1 ml of extract was mixed with 1 ml of Folin Ciocalteu reagent. After 3 min, 1 ml of saturated sodium carbonate solution (20%) was added to the mixture and adjusted to 10 ml with distilled H 2 O. The reaction mixture was kept in the dark for 1 h with intermittent shaking. The absorbance was measured at 725 nm using a spectrophotometer (Jenway, UV/Visible 1613). Phenolic contents were calculated based on the standard curve of gallic acid used as standard.
Total flavonoids
A known weight of each tea extract was placed in 10 ml volumetric flask. Then, 4 ml distilled water and 3 ml AlCl 3 (1:10, w/v) were added. After 6 min, 2 ml NaOH (1 M) was added and the total volume was adjusted to 10 ml with distilled water. The solution was mixed well and the absorbance was measured spectrophotometrically against a blank at 510 nm (Zhuang et al. 1992) . Quercetin was served as the standard compound for the preparation of calibration curve.
Assay of antioxidant activities
Antioxidant activity of different tea extracts was determined using the following methods:
2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical assay
Scavenging effect of DPPH radical was measured by the method of Chou et al. (2009) . A volume of 0.1 ml of 1 mM methanol solution of DPPH was incubated with various concentrations of each tea extract and sucrose (50 and 100 μg/ml). After 30 min incubation periods at room temperature, absorbance of the resulting solution was recorded at 517 nm. In addition, we measured the color of tea extract without DPPH. DPPH radical scavenging activity was expressed as the inhibition percentage and was calculated as: absorbance of control-absorbance of sample/absorbance of control × 100. Standard butylated hydroxyl anisole (BHA) was used for comparison and we calculated the dose-response curve of promising extract at different concentrations.
2, 2 -azino-bis [ethylbenzthiazoline-6-sulfonic acid] (ABTS) radical cation scavenging assay
This assay was based on the ability of different substances to scavenge ABTS radical cation in comparison to a standard (BHA, at 50 and 100 μg/ml). The radical cation was prepared by mixing a 7 mM ABTS stock solution with 2.45 mM potassium persulfate (1/1, v/v) and leaving the mixture for 4-16 h until the reaction was completed and the absorbance was stable. The ABTS + solution was diluted with ethanol to an absorbance of 0.700 ± 0.05 at 734 nm for measurements. The photometric assay was conducted on 0.9 ml of ABTS + solution and 0.1 ml of tested tea samples (50 and 100 μg/ml in MeOH solution) and mixed for 45 s, then measurements were recorded at 734 nm after 1 min. In addition, we measured the color of tea extract without ABTS. The antioxidant activity of the tested samples and sucrose was calculated by determining the decrease in absorbance at different concentrations by using the following equation: E = ((Ac−At)/Ac) × 100, where: At and Ac are the respective absorbance of tested samples and ABTS + (Re et al. 1999) .
Fourier transform infrared (FTIR) spectrometer analysis
In order to investigate the functional groups involved in the antioxidant activity of phenolic compounds in the tea samples, FTIR analysis was carried out. Infrared spectra of tea samples with and without sugar were analyzed. The samples were dried and mixed with KBr (1:20; 0.02 g of sample with KBr at a final weight of 0.4 g). Infrared spectra were obtained using a FTIR spectrometer {Perkin Elmer FTIR spectra (system 2000) USA} within a scanning range of 400-4000 cm −1 .
Separation and quantification of phenolic compounds and caffeine
Separation and determination of tea extracts phenolic were performed by reverse phase HPLC (RP-HPLC)/diode array detection (DAD) (Hewlett Packard 1050) using a column Alltima C18, 5 mm (150 mm × 4.6 mm id) with a guard column Alltima C18, 5 mm (Alltech). The solvent system used was a gradient of A (CH 3 COOH 2.5%), B (CH 3 COOH 8%) and C (acetonitrile). The best separation was obtained with the following gradient: at 0 min, 5% B; at 20 min, 10% B; at 50 min, 30% B; at 55 min, 50% B; at 60 min, 100% B; at 100 min, 50% B and 50% C; at 110 min, 100% C until 120 min. The solvent flow rate was 1 ml/min and separation was performed at 35°C. The volume injected was 10 ml. Phenolic compounds were assayed by external standard calibration at 280 nm and expressed as μg/100g dry matter (Goupy et al. 1999 ).
The combination index (CI)
The CI was calculated as previously described by Chou and Talalay (1984) . Briefly, ABTS radicals were treated with different concentrations of tea extracts and sucrose, and the CI was calculated from the formula:
The nature of sample interaction was identified as synergistic if CI < 0.8; and as antagonistic if CI > 1.2; and additive, if CI ranges from 0.8 to 1.2.
Statistical analysis
All experimental results were expressed as means ± SD. Analysis of variance was performed by ANOVA procedures. The results with p < .05 were regarded as statistically significant. Data were statistically analyzed using Co state Statistical Package (Anonymous 1989) .
Results and discussion
DPPH radical
The DPPH and ABTS radical assay were used for the evaluation of radical scavenging activity of 16 green and black tea samples with/without sweeteners. The results concerning the antioxidant activity of tea samples against DPPH radical are presented in Table 1 . The data revealed that the antioxidant activity was concentration dependent at 50 and 100 μg/ml. The antioxidant activity of green tea was higher than that of black tea (93.8% and 86.8%, respectively, at 100 μg/ml) when compared with that of BHA as synthetic standard (92.5%). These findings were previously mentioned but with different antioxidant assays (Unachukwu et al. 2010; Jeska-Skoeron et al. 2015) .
Correlating the antioxidant activity with the chemical parameters, it was observed that the antioxidant activity in green teas correlated significantly (p < .01) positively with the concentration of total phenolic and flavonoids compounds as shown in Table 2 . Total polyphenol levels were generally higher in green tea than in black tea (0.40% and 0.17%, respectively); furthermore, total flavonoids also were significantly (p < .01) higher in green tea than in black tea (0.29% and 0.16%, respectively). Hence, it is supposed that those antioxidant activities may be due to high level of total phenolic compounds and flavonoids (r = 0.245 and 0.310, respectively). These results are in agreement with the results obtained by Hwang et al. (2010) , Afify et al. (2011) , Korir et al. (2014) and Turumtay et al. (2014) who mentioned that antioxidant activity of green tea was higher than black tea and these were positively correlated with phenolic and flavonoids content.
ABTS radical
Data on antioxidant activity of different tea samples against ABTS radical are presented in Table 1 . The antioxidant activity was shown to be concentration dependent. The obtained results illustrated that the antioxidant activities of tea samples against ABTS were higher than those of DPPH. Green tea was marginally higher than that of black tea (95.8% and 87.0%, respectively) and these correlated with phenolic and flavonoids content as shown in Table 2 .
The difference between the data obtained with DPPH and ABTS methods is possibly due to the nature of the radicals (stable free radical of DPPH, cation radical of ABTS). However, Jeska-Skowron et al. (2015) found that the strong correlation between ABTS and DPPH assays was observed.
The dose-response curves of green and black tea compared with standard compound (BHA) were analyzed and the results shown in Figure 1 revealed that there is positive correlation between the concentration of tea sample and antioxidant activity against DPPH radical. The results also revealed that the antioxidant activity significantly decreased with increasing sucrose concentration in green tea (from 93.8% to 90.6% against DPPH radical) and from 95.8% to 90.2% against ABTS radical at 100 μg/ml. A significant increase in antioxidant activity (p < .01) was recorded after addition of different concentration of sucrose (0.5-2.0%) in black teas (Table 1 ). The antioxidant activities of black teas were increased after sucrose addition from 86.8% to 92.1% against DPPH radical and from 87.0 to 91.9 against ABTS radical at 100 μg/ml. The antioxidant activity of tea samples using aspartame was also assayed in this study. The data in Table 1 show that the addition of 0.1, 0.2 and 0.4 g of aspartame had no significant influence on the antioxidant activity of both black and green teas against DPPH and ABTS radical.
Phenolic, flavonoid and caffeine compounds identified using HPLC/UV
The obtained results on the biochemical parameters in green and black tea samples using HPLC are presented in Table 3 and Figure 2 . Total phenolic contents were generally only higher in green tea than in black tea (1012.72 and 338.57 μg/100g, respectively) and these concentrations were increased to 13,469 in green tea mixed with 1.0% sucrose and to 2511.27 μg/100g in black tea mixed with the same sucrose concentration. and these results match with the results mentioned in Table 1 , and this may be due to the effect of sucrose sugar on extraction of some phenolic compounds from tea samples when compared with green or black tea only without sucrose. This result in in agreement with the results obtained by Ananingsih et al. (2013) .
The data also revealed that cinnamic acid showed the lowest content (0.21, 0.25, 0.19 and 0.18 μg/100g, respectively). Pyrogallol, catechol, epicatechin, ellagic, protocatchuic were significantly higher in green tea than in black tea. However, catechin, salycilic, coumarine levels were found to be relatively similar in both black and green teas. Syringic levels were significantly higher in black teas than in green teas (Table 3) . Furthermore, some of phenolic compounds appeared in tea mixed with 1.0% sucrose eg: p-OH-benzoic acid (342 and 258 μg/100g in green and black tea, respectively). 4-amino-benzoic acid, catechin, caffeic, iso-ferullic, vanillic levels were significantly increased in tea samples mixed with sucrose (1%) than with aspartame (0.1%).
Also, from the purine alkaloids compounds, caffeine was the most predominant individual compounds in the assayed tea extract (6081.8, 8772.1, 6474 and 3755 μg/100g, respectively) in green and black tea without and with 1.0% sucrose.
IR results
Numerous functional groups have been proposed to be responsible for antioxidant activity in different tea samples (carboxyl, hydroxyl, amide, ether, etc.) ; their importance in scavenging different radicals (DPPH and ABTS) was investigated. FTIR was used to analyze the functional groups in the samples without or with added sugar (sucrose or aspartame). In the FTIR spectral analysis of green tea, we observed that characteristic bands corresponding to O-H stretching vibration at 3439 cm −1 shifted to 3436 in green tea mixed with sucrose and to 3434 in green tea mixed with aspartame. However, O-H stretching vibration at 3462 in black tea and shifted to 3435 in black tea mixed with sucrose or aspartame. The H-C-H was observed at 2926 in green and black teas mixed with aspartame. The absorption peaks at 1632 and 1637 assigned to -C = C-group in green and black tea, respectively, were shifted to 1641 and 1629 in green tea mixed with sucrose or aspartame, respectively, and shifted to 1632 and 13,631 in black tea mixed with sucrose or aspartame, respectively; 1502 and 1445 cm −1 assigned to aromatic alkene in green and black tea, respectively, shifted to 1510 and 1496 cm −1 in green tea mixed with sucrose and aspartame, respectively (Table 4 and Figure 3 ).
These changes could be attributed to the effective interaction between phenolic compounds in tea samples and sucrose or aspartame.
Accordingly, an increase in the peak intensity after treatments and appearing of new peaks (at 2926 cm −1 ) could be attributed also to the effective interaction of organic functional groups of tea extract with sugar (sucrose/aspartame).
The relation between phenolic compounds and sugar
Most of green and black tea consumers prefer to sweeten their tea. The concentrations of the sweetening substance used in the current study were set to be similar to those that are normally added to tea during consumption. Aspartame is 300 times sweeter than sugar and known to exhibit some antioxidant activity (Abou-Arab et al. 2010) from the obtained data; no significant interactions occurred between aspartame glycosides and phenolic compounds in tea samples. However, addition of table sugar to green tea significantly decreased the antioxidant activity (Table 1) against the two tested methods (DPPH and ABTS radical). Also Muthuiah et al. (2009) went parallel with these results and they reported that addition of milk and sugar with tea significantly declines its free radical scavenging activity. These phenomena may be due to the condensation reaction between the hydroxyl group from phenolic compounds in green tea extracts and hydroxyl group in sucrose molecule and formation of glycoside (Figure 4) . These results are in agreement with the result obtained by Zhang et al. (2009) who mentioned that complex compounds, such as pentagalloylglucose, tetragalloylglucose and trigalloylglucose, are likely to Figure 3 . FTIR of tea extracts where, 1. green tea only, 2. green tea with sucrose, and 3. black tea only, 4. black tea with sucrose, 5. green tea with aspartame, and 6. black tea with aspartame. be formed as glucose interacts with the gallic acid in tea where the glucose hydroxyl groups are serially substituted by gallic acid. Also, Niederl and Maurmeyer (1939) reported that polyhydric phenols, resorcinol, pyrogallol are capable of condensing with reducing monosaccharides.
Furthermore, addition of table sugar to black tea significantly increased the antioxidant activity (Table 1 ) and these may be due to the interaction between the oxidized phenolic compounds and sucrose molecule and formation of reduced form of phenolic compounds as shown in Figure 5 . This reduced form can interact with DPPH or ABTS radicals and convert it to non-radical products. Also, may be the presence of sucrose (from 0.5% to 2.0%) in black tea increased the extraction efficiency by boiling water. 
Combination index (CI)
The calculated CIs for different tea samples mixed with sucrose were 1.093 and 1.037, in green and black tea respectively, which is indicative of strong additive interaction characteristics in tea mixed with sucrose sugar (Table 5) .
Correlation coefficient
Results on Table 6 show the correlation matrix of antioxidant compounds in green and black teas and their antioxidant activities. It revealed that there was significant positive correlation between antioxidant activity against DPPH radical and ABTS radical (0.659). It also showed that phenolic compounds were positively correlated with flavonoid compounds (0.514). Antioxidant activity against ABTS had a positive significant association with the conc. of phenolic compounds (0.398) but more than the antioxidant activity against DPPH radical (0.245). 
Conclusion
From the obtained results, we can conclude that there were no significant interactions between the aspartame glycosides and phenolic compounds in tea samples. However, addition of table sugar to green or black tea significantly decreased or increased the antioxidant activity, and this may be due to the effect of sucrose on phenolic compounds extraction and its chemical structure as reported in IR figures. Therefore, the health benefit of tea was achieved when drinking green tea and black tea without and with sugar (sucrose), respectively.
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